Abstract. Specific polymerase chain reaction (PCR) protocols were used to determine the prevalence of toxigenic Clostridium difficile in Vhembe, South Africa. Of 322 stool samples collected, toxigenic C. difficile was found in 23 (7.1%) cases and was significantly associated with diarrhea 20 (11.4%) compared with 3 (2%) in non-diarrheal samples ( 2 ‫ס‬ 426, P ‫ס‬ 0.001), intestinal inflammation in 18 (12.1%) compared with 5 (2.9%) in lactoferrin-negative samples ( 2 ‫ס‬ 10.194, P ‫ס‬ 0.001), and occult blood in 19 (16%) compared with 4 (2%) in occult blood-negative samples ( 2 ‫ס‬ 22.157, P < 0.001). Toxigenic C. difficile was more common among individuals > 50 years of age (20%), followed by those between 30 and 39 years of age (19%) and was not associated with HIV infections ( 2 ‫ס‬ 0.289, P ‫ס‬ 0.591). Co-infection with other pathogens was common. Multivariate analysis indicated that toxigenic C. difficile was associated with E. bieneusi (P ‫ס‬ 0.028), C. parvum (P ‫ס‬ 0.007), and Enteroaggregative Escherichia coli (EAEC) (P ‫ס‬ 0.007) in diarrheal samples. This study confirms the usefulness of PCR methodologies in the detection of toxigenic C. difficile and suggests that C. difficile is responsible for a small, but underappreciated, proportion of diarrheal cases in the region, and further study is warranted in this area.
INTRODUCTION
Clostridium difficile is a spore-forming, anaerobic grampositive bacillus that produces exotoxins and is pathogenic to humans. Infection can lead to asymptomatic carriage or clinical disease, ranging from mild diarrhea to life-threatening pseudomembranous colitis. 1 C. difficile-associated disease (CDAD) is an important clinical problem that is believed to occur predominantly after hospitalization and administration of broad spectrum antibiotics, and it especially affects the elderly. 2 Community-acquired disease has been reported, but the incidence is felt to be low, and the rate of disease resulting in hospitalization is reported as negligible. 3 For example, a Swedish study of 5,133 cases of C. difficile diarrhea indicated a prevalence of 16 per 100,000 inhabitants per year as being community acquired. 4 Recent events in the United States, Canada, and Europe have indicated the changing epidemiology of CDAD, with the occurrence of serious CDAD in otherwise healthy patients with minimal or no exposure to a health care setting. 5, 6 However, the occurrence of C. difficile in the Vhembe district, South Africa, a developing country, has not been reported.
Several factors that contribute to the virulence of C. difficile have been described. However, the pathogenicity is mainly caused by two large protein toxins, toxin A and toxin B, and a more recently described binary toxin. 7, 8 Toxin A is a potent enterotoxin that causes fluid accumulation in the gut, is cytotoxic to tissue culture cells, and is lethal for experimental animals. 9 Toxin B is 1,000-fold more potent as a cytotoxin than toxin A but is not an enterotoxin in original animal studies, although more recent studies have indicated that strains that produce toxin B but not toxin A can cause severe diarrhea in humans. 9, 10 Strains of toxin A-negative, toxin B-positive C. difficile have recently been associated with human diseases and described in epidemics around the world and might be more common than previously thought. 11, 12 Binary toxin (CDT) is related to the clostridial binary toxins, including the iota toxin produced by Clostridium perfringens type E, the toxin produced by Clostridium spiroforme, and the C2 toxin from Clostridium botulinum types C and D. C. difficile has a 16-kb pathogenicity locus (PaLoc) with genes encoding enterotoxin A (tcdA) and cytotoxin B (tcdB), where toxin production is negatively controlled by TcdC. 13 Genes for the binary toxin are located outside the PaLoc, but the significance of CDT in intestinal disorders has not yet been fully elucidated. 14 Other potential virulence factors that may be involved in colonization by C. difficile are the presence of capsule and flagella and production of tissue degradative exoenzymes such as collagenase and hyaluronidase. 15 Moreover, like many other bacteria, C. difficile may possess fimbriae that are potential mediators of attachment to intestinal mucosa. 10 Additionally, in in vivo experiments, its virulence has been positively correlated to intestinal mucosal attachment, and there is in vitro evidence of adhesion of C. difficile strains to various cultured cell lines, including Vero cells, HT29-MTX, and human Caco-2 cells. 16, 17 These toxins are thus generally used for the pathogenic characterization of infecting C. difficile isolates.
CDAD is usually diagnosed after a stool test for C. difficile cytotoxin or for the presence of toxigenic C. difficile in a cultured stool sample. 18 Endoscopic examination of the colon can show characteristic yellowish pseudomembranes, often with intervening normal looking mucosa. Molecular methods have been described and successfully used for the detection and characterization of C. difficile. These have included methods such as toxinotyping based on variations in the PaLoc sequence, pulsed-field gel electrophoresis (PFGE), polymerase chain reaction (PCR) ribotyping, and restriction endonuclease analysis (REA). [19] [20] [21] Intestinal inflammation has been reported in cases of CDAD, and the lactoferrin test and oc-cult blood tests have been used for the diagnosis of inflammatory diarrhea including C. difficile infection. 3, [22] [23] [24] In this study, we determined the prevalence of C. difficile in the Vhembe district population and the profile of toxigenicity of the strains present in the stools by detecting the tcdA (toxin A), tcdB (toxin B), and cdtA and cdtB (binary toxin: CDT) genes using specific PCR protocols in association with diarrhea, lactoferrin, and occult blood. The putative negative regulator for toxins A and B (tcdC) was also studied.
MATERIALS AND METHODS
Ethical issues. The research protocol was approved by the Research Ethics Committee of the University of Venda, South Africa. Authorizations to collect samples from primary schools and public health institutions were obtained from the Departments of Health and Education, Limpopo Province, before the beginning of the study. The molecular analysis was conducted according to the University of Virginia ethics guidelines on non-identified samples. Informed consent was obtained from all participants either directly or through their legal and competent guardians.
Study site and sample collection. Stool samples were randomly collected from consenting outpatients attending three major hospitals (Tshilidzini, Elim, and Donald Frazer) serving local populations and two primary schools of the Vhembe district between November 2004 and May 2005 and preserved at −80°C until further needed. From the hospitals, all the samples were collected from the consenting patients within 24 hours of their arrival at the hospitals. At the schools, stool samples were randomly collected from children whose parents or guardians have consented to the study. A total of 322 samples were collected, of which 255 were from the hospitals and 67 were from the schools.
Genomic DNA purification. Genomic DNA was extracted from the stool samples and control cultures using the QIAamp DNA Stool Mini kit (Qiagen, Hilden, Germany) following the instructions of the manufacturer after an initial treatment with potassium hydroxide as previously described.
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PCR assays. All the PCR reactions were run with a positive and a negative control using the conditions previously described by the different authors (Table 1) , with the exception that the PCR master mix was used instead of mixing the different reagents at the time of reaction. The final volume was 25 L for all the reactions with 12.5 L of the PCR master mix, 5.5 L of nuclease free water, 1 L of a stock of 4 mol/L solution of each primer of the primer pair specific for each reaction, and 5 L of the genomic DNA extract. A PCR protocol targeting a species-specific internal fragment of the triose phosphate isomerase (tpi) housekeeping gene was used as described. 26 The toxin A gene (tcdA) and toxin B gene (tcdB) were tested using previously described protocols. 27, 28 The presence of the binary toxin was ascertained by two different reactions using two different primer pairs for the enzymatic and the binding components of the cdt gene using the conditions previously described. 29 The negative regulator gene was detected using two different primer pairs. 13 The first primer pair (C1 and C2) detects a fragment of the tcdC gene, whereas the second primer pair (Tim1 and Struppi2) amplifies an internal fragment of the first PCR product. The PCR products were observed in 2% agarose gel except for the product of the second PCR for the tcdc gene that was run in 3% agarose gel. This helped to observe any size difference that could exist in the amplification products. These samples were previously tested for other organisms including Entamoeba histolytica, Cryptosporidium, microsporidia, Campylobacter, and Enteroaggregative Escherichia coli.
Lactoferrin detection. Stool supernatants were tested for the presence of lactoferrin using the LEUKO-TEST according to the manufacturer's specifications including appropriate kit controls (TechLab, Blacksburg, VA). The level of lactoferrin in the stool samples was quantified using the IBD check and the IBD scan kits from Techlab following the instructions of the manufacturer.
Test for occult blood. The presence of occult blood in the stool samples was tested by the hemoccult test kit (Beckman Coulter, Fullerton, CA) following the instructions of the manufacturer.
Statistical analysis. The results of the study were analyzed using the SPSS software Version 10.1 (SPSS, Chicago, IL). The 2 test was used to compare the proportions of patients who provided the stool samples based on parameters such as diarrheal symptoms, sex, age, origin, lactoferrin, or occult blood tests results. Multivariate logistic regression was used to analyze the impact of co-infection with other organisms on infection with toxigenic C. difficile. The differences were considered significant when P < 0.05.
RESULTS
Demographic information on the study population. A total of 322 individuals consented to the study, and the same number of stool samples were collected and analyzed. Of these, 255 were from the hospitals. This number represents ∼0.6% of the total population who visited the hospitals during the study period. Sixty-seven samples were from primary schools. The age of the patients from the hospitals varied between 1 month and 88 years, whereas the age of the school children varied between 3 and 15 years. There were more females (56.5%) than males (43.5%). Forty-four patients (17.2%) attending the hospitals were HIV positive. The HIV status of the primary school children was not known. Table 1 presents the demographic characteristics of the study population including the frequency of diarrhea and C. difficile infections in each age group. Diarrhea was more common among HIV-positive patients (86.4%) than in HIV-negative individuals (49.6%). Inflammation and the occurrence of occult blood in stool was more frequent among HIV-positive individuals (70.5% and 43.2%, respectively) than those uninfected by the virus (42.4% and 36%, respectively), further indicating the low general health conditions of HIV-positive patients.
Prevalence of C. difficile and toxin genes in the study population. The different PCR protocols used yielded the expected products indicated by the appearance of clear bands after agarose gel electrophoresis as indicated in Figure 1 . A sample was considered positive for each experiment if the band obtained was of the right size indicated in Table 1 , whereas the appearance of a band at any other position was not considered positive. Toxigenic C. difficile was defined as a case of infection with C. difficile as indicated by a positive PCR result for the tpi gene with a positive test for any one or more of the three toxin genes studied. From a total of 322 stool samples, 45 were positive for the triose phosphate isom-erase (tpi) gene, indicating that these individuals harbored C. difficile in their intestines. Only 2 (3%) samples were positive for the tpi gene from the schools, and both samples were negative by the toxin probes, whereas 43 (16.9%) samples were positive from the hospitals. Of the 45 samples positive for tpi, 22 (48.9%) were toxin negative, and 23 (51.1%) had at least one of the three toxin genes tested. Globally, the toxin A gene was found in 18 (40%) samples, the toxin B gene was found in 21 (46.7%) samples, and the binary toxin genes (cdtA and cdtB) were found in 12 (26.7%) of all the samples positive for C. difficile. Toxin A-positive, toxin B-positive (A+B+CDT−) strains were found in nine samples, whereas the toxin A-negative, toxin B-positive (A−B+CDT−) variant was found in two samples. Strains with all the three toxins, Toxin A positive, toxin B positive, and binary toxin positive (A+B+CDT+) strains, were found in nine (20%) samples. Binary toxin only (A−B−CDT+) was found in three samples. The tcdC gene was found in all of the 21 (46.7%) samples with toxin A or B genes. However, lower bands could be observed for two samples, indicating a possible mutation as previously described in this gene. Table 2 describes the distribution of C. difficile and the different genes in the study population. C. difficile infections did not seem to be associated with the sex of the individuals in the study population. C. difficile (tpi gene) was more common among individuals between 20 and 39 years of age (28.6%), followed by individuals > 50 years of age. However, toxigenic C. difficile was more common among individuals > 50 years of age (20%), followed by those between 30 and 39 years of age (19%; Table 2 ). When the whole patient population attending the hospitals was considered, the rate of toxigenic C. difficile in the population was estimated at 54 cases per 100,000 hospital visits. However, when multiple infections were removed from the analysis, this rate was reduced to 7 cases per 100,000 hospital visits.
C. difficile infections and HIV status. The effect of HIV infections on the development of C. difficile infection was also monitored. The prevalence of infection for tpi (C. difficile housekeeping gene) was generally higher in HIV-negative individuals (14.4%) than HIV-positive individuals (11.4%), but the difference was not significant ( 2 ‫ס‬ 0.289, P ‫ס‬ 0.591). However, all the toxigenic C. difficile in HIV-positive patients were found in diarrheal samples with elevated lactoferrin and occult blood, whereas the non-toxigenic strains were found in stool samples negative for the lactoferrin test and for occult blood.
Pathogenic characteristics of C. difficile infections. Three criteria were used to characterize the pathogenicity of the C. difficile strains found in the stool samples including diarrhea, intestinal inflammation as indicated by the elevated lactoferrin level, and the presence of occult blood in the stools. The pathogenicity index (PI), introduced in 2006 by Nataro and others, 30 is the ratio of the prevalence of each condition in diarrheal, lactoferrin-positive, or occult blood-positive sample by the prevalence in non-diarrheal, lactoferrinnegative, or occult blood-negative samples.
Of the 322 samples, 176 (54.6%) were diarrheal, whereas 146 (45.4%) were non-diarrheal. Of the 176 diarrheal samples, 34 (19.3%) were positive for C. difficile compared with 11 (7.5%) in non-diarrheal samples ( 2 ‫ס‬ 8.956; P ‫ס‬ 0.003). Toxigenic C. difficile was found in 20 (11.4%) of the diarrheal samples compared with 3 (2.1%) in non-diarrheal samples ( 2 ‫ס‬ 10.239; P ‫ס‬ 0.001). The presence of one or The presence of any of the toxins genes was associated with a higher PI (5.4) than non-toxigenic strains (1.4; P ‫ס‬ 0.001). This is related to the fact that these toxigenic C. difficile strains were found more often in diarrheal samples (20; 87%) than in non-diarrheal samples (3; 13%; (Table 4 ). The presence of the toxin B gene was associated with a higher PI (5) than the toxin A gene (4) and the binary toxin genes (3.5). Fourteen (77.7%) of all the samples positive for the toxin A gene were inflammatory, with a PI of 4 (P ‫ס‬ 0.021); 17 (81%) of all samples positive for the toxin B gene were inflammatory, with a PI of 5 (P ‫ס‬ 0.006); and 9 (75%) of all the samples positive for the binary toxin were inflammatory, with a PI of 3.5 (P ‫ס‬ 0.042). We also studied the possible effect of the presence of C. difficile toxin genes on the presence of occult blood in the stool samples. Of the 322 samples tested, 119 (37%) were positive for occult blood. Of these 119 positive for occult blood, C. difficile (tpi) was found in 29 (24.4%) compared with 16 (7.9%) in occult blood negative samples ( 2 ‫ס‬ 16.965; P < 0.001). Toxigenic C. difficile was found in 19 (16%) of the occult blood positive samples compared with 4 (2%) in occult blood negative samples. Of the 176 diarrheal samples, 84 (47.7%) were positive for lactoferrin. Of these 17 (20.2%) were positive for toxigenic C. difficile compared with 3 (3.2%) in occult blood negative samples. Of all the 18 samples positive for the toxin A gene, 15 (83.3%) were positive for occult blood, with a PI of 8.4 (P < 0.001); 17 (81%) of the 21 samples positive for the toxin B gene were positive for occult blood, with a PI of 7.2 (P < 0.001). Of the 12 samples positive for the binary toxin gene, 11 (92%) were positive for occult blood, with a PI of 18.4 (P < 0.001; Table 5 ).
Globally, the presence of the binary toxin gene was more associated with occult blood ( 2 ‫ס‬ 16.013, P < 0.001), with a PI of 18.4, whereas the presence of toxin A or B genes was more associated with intestinal inflammation ( 2 ‫ס‬ 10.867, P ‫ס‬ 0.001) and diarrhea ( 2 ‫ס‬ 8.743, P ‫ס‬ 0.003). All three pathogenic features studied were associated with the presence of the toxin's genes as opposed to non-toxigenic strains of C. difficile, with PIs of 5.4 versus 1.4 for diarrhea, 4.2 versus 1 for lactoferrin, and 8 versus 1.4 for occult blood for toxigenic and non-toxigenic strains, respectively. Multivariate analysis on age and CDAD including lactoferrin, the occult blood test, and other etiologies indicated that occult blood was associated with CDAD independent of age and other etiologies (OR ‫ס‬ 16.154; 95% CI ‫ס‬ 2.036-128.184; P ‫ס‬ 0.001). However, high levels of lactoferrin were more associated with individuals > 20 years of age, even when all the other factors were excluded from the analysis (OR ‫ס‬ 4.667; 95% CI ‫ס‬ 0.992-21.946; P ‫ס‬ 0.041).
C. difficile and multiple infections. The samples used in this study were previously tested for the presence of other intestinal pathogens including Cryptosporidium, E. histolytica, Enterocytozoon bieneusi, Campylobacter, Arcobacter, and enteroaggregative E. coli. Of the 45 cases of C. difficile infections, C. difficile (tpi gene) was found alone only in 10 samples, whereas in 14 samples it was found together with at least one other organism, in 9 samples with at least two other organisms, in 4 samples with at least three other organisms, in 6 samples with at least four other organisms, in 1 sample with at least five other organisms, and in 1 sample with at least six other organisms. Of the 10 cases of infections with only C. difficile, 3 were toxigenic, and all 3 samples were diarrheal with a high level of intestinal inflammation and positive for occult blood. All three cases occurred in individuals > 20 years of age [one (2.3%) occurred in an individual between 20 and 29 years of age, one (3.7%) occurred in an individual between 30 and 39 years of age, and one (14.3%) occurred in an individual between 50 and 59 years of age). All three cases had both tcdA and tcdB genes, whereas only one 0.006, 0.936 1 * The percentages are based on the whole population and should be considered for comparison between cases with elevated lactoferrin levels and those negative for lactoferrin.
† The pathogenic index (PI) is the ratio of the prevalence of C. difficile or the specific toxin gene in inflammatory cases (with elevated lactoferrin levels) by the prevalence in noninflammatory samples (negative for the lactoferrin test). * The percentages are based on the whole population and should be considered for comparison between cases with positive occult blood test and those negative for occult blood.
† The pathogenic index (PI) is the ratio of the prevalence of C. difficile or the specific toxin gene in cases with positive occult blood by the prevalence in samples negative for occult blood. (Table 6 ).
DISCUSSION
The objectives of this study were to determine the prevalence of C. difficile and its toxigenic characteristics among hospital outpatients and school children and to evaluate the association between different pathologic features and the presence and toxigenic profiles of the isolates. C. difficile was less frequent among apparently healthy school children. The two positive samples obtained from the school children were toxin negative as opposed to the toxin-positive samples obtained from hospital outpatients.
Even though C. difficile is mostly known as a cause of nosocomial diarrhea, many cases have been described as acquired in the community before admission to the hospital. 31 In this study, there was a high prevalence of C. difficile (14%) among the study participants, and about one half of these were toxigenic. In a related study by Johal and others, 32 patients developing CDAD in the community had a significantly higher daily stool frequency, had a shorter duration of stay, had more hospital admissions over the preceding 12 months, and were more likely to be discharged to their own home than patients that developed diarrhea as inpatients (P < 0.01). In our study, these parameters were not determined; however, they might prove to be relevant in the region, but more studies are needed to confirm this. Older patients were found to have a higher prevalence of toxigenic C. difficile, and this is consistent with a previous report. 33 The prevalence of C. difficile-associated diarrhea among HIV patients has been shown to vary according to different studies. In a study of C. difficile-associated diarrhea among HIV-positive patients in Illinois, CDAD was observed in 32% of all study patients with diarrhea, especially those with advanced HIV disease. However, CDAD seemed to have little impact on morbidity or mortality. 34 Other reports have suggested that clinical manifestations and response to therapy in HIV-infected patients with CDAD were similar to that of patients without HIV, whereas others have noted a more severe, refractory presentation in HIV-infected patients. 35, 36 In our study, C. difficile did not seem to be associated with HIV. However, the number of HIV-positive individuals was low (44 patients) and was not clearly characterized in terms of CD4 + counts or HIV disease state. Thus, more studies are needed to confirm the role of C. difficile as a diarrheal agent among HIV-positive patients in the Vhembe district and in South Africa in general. Limitations of this study included a lack of patient histories. Thus, we could not conclude with confidence whether the cases of C. difficile observed were community acquired or nosocomial. 37 Although the stool samples were not screened using ELISA methods for the presence of toxins but with the more sensitive PCR analysis, this study was not able to determine the source of transmission of C. difficile infections in the Vhembe district. Studies in different regions such as Canada have indicated the presence of C. difficile in animals such as horses, dogs, ratites, pigs, and elephants, including possible zoonotic transmissions of CDAD. [38] [39] [40] In another study conducted in Canada, PCR ribotyping of 31 C. difficile isolates from cattle showed eight distinct patterns; seven were identified in humans, two of which were associated with outbreaks of severe disease (PCR types 017 and 027), indicating that cattle may be reservoirs of C. difficile for humans. 41 Recent studies in Zimbabwe have shown the presence of toxigenic C. difficile in chicken feces, soil, and water samples, indicating that chickens kept by villagers might be important reservoirs of C. difficile, which may act as a source of human infection. 42 In the Vhembe district, people live in close proximity with animals including cattle, pigs, horses, and chickens; thus, studies on the possibility of zoonotic CDAD are recommended. Further study to determine the toxinotypes and serotypes of the isolates would be beneficial.
Toxin A-negative, toxin B-positive (A−B+) C. difficile isolates have been identified in several studies. 43 We found that only three (6.7%) of all C. difficile-positive samples were A−B+ variants, which is lower compared with those found in horses (16.6%) 40 and around the same level as those described in Poland, where ∼7% of the strains isolated from CDAD patients had the variant A−B+ isolates. 44 The high prevalence of A−B+ C. difficile strains might have a negative impact on the detection of toxigenic C. difficile in stool samples when the ELISA test is used. This further underscores the importance of the implementation of molecular methods in the detection and characterization of C. difficile in specific settings.
The pathogenicity of C. difficile is mainly caused by the presence of the two large clostridial toxins A and B. The role of the recently described binary toxin is not clear. In this study, we found that the presence of any of the three toxin's genes in C. difficile was significantly associated with all three pathogenic features tested in the study, including diarrhea, intestinal inflammation, and occult blood. More samples with the binary toxin had high levels of occult blood, indicating its possible role in the pathogenicity of C. difficile. Recent studies in hamsters have indicated that binary toxin (CDT) may play an adjunctive role to toxins A and B in the pathogenesis of C. difficile-associated disease, but by itself may not be sufficient to cause disease. 45 One of the most important characteristics of the Quebec epidemic strain (NAP1/027 strain) was that it harbored both binary toxin genes and a partial tcdC deletion. 46 In this study, we found two samples with shorter tcdC gene PCR products with increased pathogenic features in terms of lactoferrin and occult blood. Several studies have also described increased severity of diarrhea in patients infected with strains containing the tcdC deletion. 47 The level of multiple infections with other pathogens was also high in this study. A recent study in central California indicated that underlying conditions increased the risk of colonization by C. difficile in children. 48 In this study, the presence of some organisms such as E. bieneusi, C. parvum, and enteroaggregative E. coli might be associated with a more severe form of C. difficile disease because of the underlying immune status of the population. However, further clinical studies are warranted to clarify this hypothesis. Further molecular characterization of C. difficile strains from the Vhembe district will be helpful for the understanding of the global epidemiology of the tcdC gene partial deletion in the region. The role of toxigenic C. difficile in the pathogenesis of infectious diarrhea in the Vhembe district of South Africa needs further evaluation.
In conclusion, this study showed the presence of toxigenic C. difficile in the Vhembe district and its association with pathologic conditions and confirms the usefulness of the PCR methodology in the detection of toxigenic C. difficile. The presence of binary toxin genes was highly associated with occult blood, whereas toxin A and toxin B genes were more associated with diarrhea and inflammation. C. difficile is responsible for a small, but underappreciated proportion of diarrheal cases in the region, and further study is warranted in this area.
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